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INTRODUCTION 

Instrument  bearing  lubrication  is  a  very  special ized  field  and  can 
be  quite  demanding  in  terms  of  requirements  for  the  lubricant,  e.g, ,  low 
uniform  torque  characteristics, .thermal  stability  and  good  lubricity. 

There  is  a  yery  low  market  volume  for  this  type  of  lubricant  which  results 
in  limited  availability  or  use  of  materials  designed  for  these  app.l  ica- 
tions.  The  work  reported  herein  was  conducted  to  evaluate  a  series  of 
synthetic  hydrocarbon  fluids  as  mul tipurpose  instrument  bearing  oils. 

BACKGROUND 

The  bearing  lubricant  for  the  G-200  gyro  used  in  the  inertial  naviga¬ 
tion  system  on  the  F-4  aircraft  is  a  single  source  product.  This  material, 
which  is  covered  by  Military  Specification  MiL'-L-83176  is  a  special  super 
refined  mineral  oil  which  is  no  longer  available  on  a  regular  production 
basis.  A  replacement  for  this  fluid  is  urgently  needed,.  One  type  of 
fluid  that  is  being  considered  is  synthetic  hydrocarbon  fluid/  The  first 
major  use  of  this  class  of  fluids  was  in  the  manufacture  of  wide  tempera¬ 
ture  range  grease  covered  by  Specification  MIL-G-81322.  It  is  also  used 
as  the  major  component  in  MIL-H-83282  hydraulic  fluid.  Synthetic  hydro¬ 
carbon  fluids  are  now  being  used  in  a  number  of  non-military  applications 
as  industrial  gear  and  bearing  lubricants,  automotive  engine  oils  and  gas 
turbine  lubricants.  Some  of  the  outstanding  properties  of  these  oils 
include:  01  high  viscosity  index,  (2l  good  thermal  stability,  (3l  recep¬ 
tiveness  of  common  additives  and  inhibitors,  low  temperature  fluidity 
and  (5l  compatibility  with  other  lubricants  and  materials.  In  addition, 
synthetic  hydrocarbon  fluids  are  readily  available  and  expected  to  remain 
so, 

DISCUSSION 


TEST  FLUIDS 

Test  fluids  consisted  of  three  commercial ly  available  synthetic 
hydrocarbon  (SH)  oils  of  different  viscosity  grades  (Samples  A,  C  and  D). 

A  super-refined  mineral  oil  (Sample  B)  meeting  Specification  MIL— L— 83 176 
and  an  ester  based  fluid  (.Sample  El  meeting  Specification  MIL-L-81846 
were  also  evaluated  for  purposes  of  comparison. "  The  SH  oil  Sample  A  has 
a  viscosity  similar  to  that  of  Sample  B  and  SH  Oil  Sample  C  viscosity  is 
similar  to  that  of  the  ester  Sample  E  while  Sample  D  viscosity  is  inter¬ 
mediate  among  these  samples.  Each  of  the  SH  oils  contain  the  antiwear 
agent  Tricresylphosphate  (TCPl  and  an  oxidation  inhibitor  of  the  hindered 
phenol  type. 

TEST  PROGRAM 

Viscosity,  viscosity  index,  pour  point  and  flash  point  tests  were 
run  in  accordance  with  applicable  ASTM  methods,  Viscosities  were  determined 
at  38°CL  (.100°fl  and  99PC  (210  F)  for  all  samples,  at  -A0pC  (-40  F)_  for 
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Samples  C,  D  and  E  and  at  -54°C  (-65°F)  for  Samples  C  and  E.  Evaporation  tests 
were  conducted  in  accordance  with  ASTM  Method  D-972  except  that  the  test  tem¬ 
perature  was  177°C  (350°F)  and  a  gravity  convection  oven  was  used  instead  of 
an  oi 1  bath. 

Oxidation-corrosion  tests  were  conducted  using  Method  5308  of  FTMS  No. 

791 »  with  the  following  exceptions: 

1.  Test  duration  and  temperature  -  changed  from  168  hours  at  121°C 
(250°Fl  to  72  hours  at  177°C  (350°F>. 

2.  Test  specimens  -  Steel  (QQ-S-698) ,  Magnesium  (QQ-M-44,  A231B) 
and  Cadmium  (QQ-A-671)  changed  to  Stainless  Steel  (QQ-S-766) 

Steel  (QQ-S-624)  and  Silver  (MIL-S-13282  -  Grade  Ah 

Thin  film  stability  tests  were  conducted  in  accordance  with  paragraph 
4.4.1  of  Specification  M I L-L— 8 1 846 .  Four-ball  wear  tests  were  conducted 
in  accordance  with  ASTM  Method  D-2266  for  lubricating  grease.  In  addition 
to  the  standard  conditions  (load  -  40  Kg,  speed  -  1200  RPM,  temperature  - 
75°C  ( J 67°F X *  test  specimen  -  52100  steel)  tests  were  also  conducted  under 
the  following  conditions: 

1.  Load  -  20  and  10  Kg,  Speed  -  1200  RPM,  Temperature  -  75°C 
(167°F),  and  Specimen  -  52100  steel 

2,  Load  -  40  and  20  Kg,  Speed  -  600  RPM,  Temperature  -  75°C 
067°F) ,  Specimen  -  AISI  440°C  passivated  stainless  steel 

Bearing  lubricant  life  tests  were  performed  on  all  but  the  Sample  D. 

These  tests  were  conducted  in  accordance  with  ASTM  Method  D3337  for 
grease,  except  that  the  bearings  used  had  phenolic  retainers.  They  were 
supplied,  by  MPB  Corporation  with  the  designation  SR4MCHH7.  Also,  the 
retainers  were  vacuum  impregnated  with  the  test  lubricant  by  the  bearing 
supplier.  The  test  temperature  was  149°C  (30Q°Fl  for  Samples  A  and  B  and 
12TC  (25Q°F).  for  Samples  C  and  E, 

RESULTS 

The  results  of  tests  conducted  in  this  program  are  shown  in  Tables 
I  through.  Vi.  The  requirements  of  Specifications  MIL-L-81846  and  MIL¬ 
L-83176  were  used  where  applicable,  for  purposes  of  comparison. 

A  comparison  of  the  physical  and  chemical  properties  of  the  oils  are 
shown  in  Tables  I  and  it. 

The  viscosity  at  99°C. (210oFL  of  Sample  A  is  almost  the  same  as  that 
of  Sample  B.  .However,  Sample  A. has  a  higher  viscosity  index  than  Sample  B. 
This  results  in  better' low  temperature  properties  for  the  Sample  A,  i.e,,- 
lower  yi.'seosi.ty  at  low  temperatures  and  lower  pour  point. 
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The  "Sample  C  physical  properties  compare  closely  with  those  of 
Sample  E-ester  while  the  Sample  D  properties  fall  between  those  of 
Sample  A  and  Sample  D. 

Substantial  differences  exist,  among  the  oils  tested,  in  their  resis¬ 
tance  to  oxidation.  These  differences  are  most  evident  from  the  percent, 
change  in  viscosity  of  the  oils  after  testing.  Although  the  oils  air 
show  significant  increase  in  acid  numbers,  the  effects  on  the  metallic 
specimens  is  very  small.  While  no  oxidation-corrosion  tests  were  con¬ 
ducted  on  Sample  E  under  this  program,  the  requirement  of  Specification 
MI.L-L-81846  indicate  that  this  oil  has  excel lant  oxidative  resistance.. 
Typical  instrument  bearing  applications  require  extremely  minute  quanti¬ 
ties  of  lubricant,  so  that  high,  ratios  of  hearing  surface  area  to  lubri¬ 
cant  volume  exist  for  the  entire  life  or  maintenance  cycle  of  the  bearing. 
Thin  film  properties  can  be  quite  different  from  bulk  properties  of  a 
luhricant, 

The  volatility  results,  both  in  the  thin  film  and  the  bulk  tests, 
follow  the  order  of  fluid  viscosity,  However,  the  appearance  and  flow 
properties  of  the  Sample  E-ester  oil,  following  the  thin-film  exposure, 
shows  superior  qualities  over  the  other  oils  tested. 

Four-ball  wear  tests  are  most  frequently  conducted  using  standard 
521QQ.  steel  ball  specimens.  However,  the  majority  of  instrument  bear¬ 
ings  in  use  today  are  fabricated  from  440C  stainless  steel,  Stainless 
steel  is  much  more  difficult  to  lubricate  than  52100  steel  under  boundary 
cpnditions.  Both  52100  and  stainless  steel  test  balls  were  used  in  this 
program  for  four-ball  wear  tests.  The  results  of  four  ball  wear  tests 
are  shown  in  Tables  til  and  IV, 

The  results  of  the  R-4  bearing-lubricant  life" tests  are  shown  in 
Tables  V  and  VI.  The  failure  criteria  for  these  tests  was  a  500%  in¬ 
crease  in  torque  over  the  steady  state  of  the  established  one  hour  after 
reaching  test  temperature  on  the  first  cycle. 

Results  that  show  lives  of  20  hours  or  even  multiples  of  20  hours 
indicate  that  failure  occurred  on  startup  for  the  next  cycle.  Results 
that  show  lives  other  than  even  multiples  of  20  hours  indicate  that 
failure  occurred  during  the  running  cycle, 

A  cursory  post-mortem  visual  inspection  of  the  bearings  provided 
some  indication  of  the  reasons  for  failure.  Each  of  the  bearings  run 
with  the  Sample  B  lubricant  showed  a  large  amount  of  oil  remaining  in  the 
hearing  after  failure.  The  oil  appeared  to  be  reasonably  free  of  wear 
debris  and  lubricant  degradation  products.  However,  the  oil  showed  a 
very  noticeable  increase  in  viscosity  indicating  that  lubricant  oxidation 
was  the  probable  cause  of  failure. 


For  synthetic  hydrocarbon  oils  (Samples  A  and  Cl  and  the  ester  oil 
(Sample  Ej,  lubricated  bearings  showed  a  different  appearance  qfter 
failure,  In  each  case,  the  bearings  contained  only  very  minor  amounts 
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of  lubricant  along  with  considerable  wear  debris.  The  reason  for  failure 
applaud  to  te  lack  of  lubricant.  The  loss  of  lubricant  cou  d  have  been 
from  one  or  a  combination  of  factors  such  as  '«porat,on  oxrdat  on  and 
oil  migration.  Proposed  specification  requirements  for  the  $H  oils  are 
shown  in  Appendix  A, 

CONCLUSION 

Based  on  the  results  of  the  laboratory  tests  conducted  the  synthetic 

hydrocarbon  oils  are  considered  as  excellent  candidates  for  use  as  muJti 
functional  instrument  bearing  lubricants.  Their  high  yiscosi  y  in  > 
low  Jour  points,  good  oxidation  and  wear  resistance  and  excellent  bear  ng 
operating  lives  provide  high  potential  for  reducing  the  number  of  lubr. 
cants  required  for  use  in  instrument  bearings. 

RECOMMENDATIONS 

It  is  recommended  that  a  specification  be  issued  incorporating  the 
requirements  shown  in  Appendix  A. 
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TABLE  I.  PHYSICAL  AND  CHEMICAL  PROPERTY  TEST  RESULTS  FOR  SAMPLE  A  (SH)  AND  SAMPLE  B 
(MIL-L-83176)  FLUIDS 
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TABLE  I.  PHYSICAL  AND  CHEMICAL  PROPERTY  TEST  RESULTS  FOR  SAMPLE  A  (SH>  AND  SAMPLE  B 
(MIL-L-83176)  FLUIDS  (Continued) 
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5  liters  of  alr/hr.  Is  passed  through  sample 
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TABLE  II.  PHYSICAL  AND  CHEMICAL  PROPERTY  TEST  RESULTS  FOR  SAMPLES 
C,  D  AND  E  FLUIDS  (Continued) 
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*  5  liters  of  air/hr.  Is  passed  through  sample 
**  3  liters  of  alr/hr,  Is  passed  through  sample 


TABLE  III.  FOUR-BALL  WEAR  TEST  RESULTS  FOR  SAMPLES  A  AND  B 
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TABLE  IV.  FOUR-BALL  WEAR  TEST  RESULTS  FOR  SAMPLES  C,  D  AND  E 
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Hr.  e  75°C  (l67°F)-600  RPM 
Load  (Kg) 


TABLE  V.  R-4  BEARING  LUBRICANT  LIFE  TEST  RESULTS  FOR  SAMPLES  A  AND  B 
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*Vacuum  Impregnated  by  MPB 


TABLE  VI.  R-4  BEARING  TEST  RESULTS  FOR  SAMPLES  C  AND  E 
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Vacuum  Impregnated  by  MPB 
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PROPOSED  MILITARY  SPECIFICATION 
LUBRICATING  OIL,  INSTRUMENT  BEARING,  SYNTHETIC  HYDROCARBON 
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PROPOSED  MILITARY  SPECIFICATION 
LUBRICATING  OIL,  INSTRUMENT  BEARING,  SYNTHETiC  HYDRQC/\RBON 


1.  SCOPE 

1.1  This  specification  covers  tfte  requirements  for  three  discos ity 
grades  of  synthetic  hydrocarbon  oils  identified  as  Grades  i,  ii  and  II. (. 

2,  APPLICABLE  DOCUMENTS 

2.1  The  following  documents ;  of  the  issue  in  effect  on  date  of  Invi¬ 
tation  for.  Bids,  or  request  for  proposal,  form  a  part  of  this  specif ica-s- 
tion  to  the  extent  specified  herein. 

SPECIFICATIONS 

Federal 
P-D-680 

QQ.-S-624 


QQ-S-766 


TT-T-656 

Mi  1 i tary 
Ml L-S-l 3282 

STANDARDS 

Federal 

FED  STD  791  Lubricants,  Liquid  Fuels,  and  Plated 

Products;  Methods  of  Testing 


Dry  Cleaning  Solvent 

SteeT  Bar,  Alloy,  Hot  Rolled  and  Cold 
Finished  (.General  Purpose) 

Steel  Plate,  Sheet,  and  Strip- 
Corrosion  Resisting 

Tricresyl  Phosphate 
Silver  and  Silver  Alloy 


Mi  1 i tary 

MIL-STD-105  Sampling  Procedures  and  Tables  for 

inspection  by  Attributes 

M IL-STD^gO  Packaging,  Packing,  and  Marking  of 

Petroleum  and  Related  Products 

(Copies  of  specifications,  and  standards  required  by  suppliers  in 
connection  with  specific  procurement  functions  should  be  obtained 
from  the  procuring  activity,  or  as  directed  by  the  contracting 
officer). 
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2.2  Other  Publications  -  The  following  documents  form  a  part  of 
this  specification  to  the  extent  specified  herein.  Unless  otherwise 
indicated,  the  issue  in  effect  on  the  date  of  invitation  for  bids  or 
request  for  proposal  shall  apply. 

American  Society  for  Testing  and  Materials 
ASTM  Standards  Parts  23  and  25 

(Copies  of  ASTM  publications  may  be  obtained  from  the  American 

Society  for  Testing  and  Materials,  1919  Race  Street,  Philadelphia, 
Pennsylvania  19103). 

3.  REQUIREMENTS 

3.1  Qualification  -  The  lubricating  oil  furnished  under  this  speci¬ 
fication  shall  be  a  product  which  has  been  qualified  for  listing  on  the 
applicable  qualified  products  list  at  the  time  set  for  opening  of  bids, 
(see  4.2.1).  In  addition,  the  retention  of  qualification  for  the  lubri¬ 
cating  oil  on  the  applicable  products  list  shall  be  dependent  on 
periodic  verification  of  continued  compliance  with  the  requirements  of 
this  specification  (see  4. 2. 1.2). 

3.1.1  Periodic  qualification  reevaluation  -  The  lubricating  oil 
shall  pass  a  qualification  reevaluation  of  samples  taken  from  the  first 
lot  of  lubricating  oil,  processed  under  the  first  contract  or  order  after 
the  product  has  passed  the  qualification  inspection,  and  at  intervals 

as  considered  necessary  by  the  qualification  laboratory  or  procuring 
activity  to  verify  the  consistency  of  production  quality. 

3.2  Materials  -  The  materials  used  in  compounding  the  lubricant 
shall  consist  of  synthetic  hydrocarbon  fluids  derived  from  a  olefin 
oligimers.  The  fluids  shall  contain  additives  as  specified. 

3.2.1  Additives. 

•  3 . 2; 1 . 1  Oxidation  Inhibitor.  The  oxidation  inhibitor  shall  be  a 
hindered  bis-phenol.  (An  example  of  a  known  suitable  additive  is  Ethyl 
702  4,4'  methylenebis  (2,6-di-tertiary  butyl  phenol  manufactured  by  the 
Ethyl  Corporation).  A  minimum  of  0.45  percent  by  weight  shall  be  used. 

3. 2. 1.2  Antiwear  Agent.  The  antiwear  agent  shall  be  tricresyl 
phosphate  conforming  to  TT-T-656.  A  minimum  quantity  of  0.9  percent  by 
weight  shall  be  used. 

3.3  Physical  Properties.  The  lubricating  oil  shall. meet  the  physi¬ 
cal  properties  appearing  in  Table  I  when  tested  as  specified  in  Table 
IV. 
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TABLE  I 


Property 

Requirement 

Test  Method 

Grade  i 

Grade  1 i 

iffiGEBSlUi 

Acid  Number 

1/ 

W 

U 

Viscosity,  mm^s 
100°C  (212°Fl 

40°C  004°F) 

-4o°c  C-40°Fl 

3*5  (mini 
18.5  Cmax) 
3500.0  (max) 

9.0  (min) 
75.0  (max) 
30000.0  (max) 

13-5  (min) 
130.0  (max) 

ASTM  D445 

Pour  Point  °C  (°F) 

-62 (r 80) max 

-54(-65).max 

-40(-40)max 

D97 

Flash  Point, 

°C  (°F) 

227(440)min 

249(480) min 

260(500)min 

D92 

Evaporation,  % 

22  Hrs  -  177°C 
(350°F) 

28.0  (max) 

7.5  (max) 

6.0  (max) 

0972 

\f  Values  needed  for  comparison  purposes  to  determine  compliance  with 
requirements  in  paragraph  3*3.2. 1 

3*4  Corrosiveness  and  Oxidation  Stability  -  When  the  lubricating  oil 
is  tested  as  specified  In  4.4.1,  it  shall  meet  the  following  requirements: 

3*4.1  Corrosion  -  The  weight  of  the  silver  and  steel  strips  shall  not 
have  changed  by  more  than  0.2  milligrams  per  square  centimeter  of  surface 
for  each  strip;  the  weight  change  for  the  aluminum  shall  be  not  more  than 
0.4  milligrams  per  square  centimeter  of  surface,  and  the  weight  change  for 
the  copper  shall  be  not  more  than  0.6  milligrams  per  square  centimeter  of 
surface. 


3*3.2. 1  Resistance  to  Oxidation  -  After  the  oxidation  corrosion  test 
CA.4.5)  is  completed,  the  viscosity  of  the  oil  at  40°C  (104°F)  and  the  acid 
number  shall  not  have  changed  by  more  than  the  values  shown  in  Table  II. 


TABLE  II 

Requi remen t 

Property 

Grade  1 

Grade  1 1 

Grade  III 

Corros ion-Oxidation 
%  Change  in  Viscosity 
@  4o°c  0a4°F)  Cm  ax) 

+30.0 

+30.0 

+5.0 

Change  in  Acid  No,  (Max) 

4.5 

3.5 

2.0 
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3.5  Lubricity  -  When  tested  in  accordance  with  wear  values  for 
the  lubricant  shall  exceed  those  specified  In  Table  III. 


TABLE  III 


Material 

Speed  (rpm) 

Load  (kg) 

Avg  Wear  Scar  Dia, 
Grade  1  Grade  J 1 

(Max  mm) 
Grade  1 1 1 

52100 

1200 

40 

0.90  - 

0.80 

0.70 

52100 

1200 

20 

0.35 

0.30 

0.30 

440C 

600 

20 

0.60 

0.60 

0.60 

3.6  Bearing  Operating  Life  -  When  the  lubricating  oil  is  tested  as 
specified  in  Table  IV,  the  Grade  I  oil  shall  provide  a  minimum  operating 
life  of  "TBD"  hours  at  250°F;  the  Grade  II  oil  shall  operate  a  minimum 
of  "TBD"  hours  at  275°F  and  the  Grade  Itl  oil  shall  operate  for  a  minimum 
of  "TBD"  hours  at  300°F. 

3.7  Workmanship  -  The  lubricating  oil  shall  be  a  homogeneous,  clear, 
bright  liquid  free  from  any  visible  impurities.  Immediately  before  the 
oil  is  packaged,  it  shall  be  passed  through  a  0.5  micrometer  membrane 
filter. 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  Inspection  -  Unless  otherwise  specified  in 
the  contract  or  purchase  order,  the  supplier  is  responsible  for  the  per¬ 
formance  of  all  inspection  requirements  as  specified  herein.  Except  as 
otherwise  specified  in  the  contract  or  order,  the  supplier  may  use  his 
own  or  any  other  facilities  suitable  for  the  performance  of  the  inspec¬ 
tion  requirements  specified  herein,  unless  disapproved  by  the  Government. 
The  Government  reserves  the  right  to  perform  any  of  the  inspections  set 
forth  in  the  specification  where  such  inspections  are  deemed  necessary 

to  assure  supplies  and  services  conform  to  prescribed  requirements. 

4.2  Compl iance  -  Determination  of  compliance  with  provisions  of 
the  specification  shall  include  the  following: 

(a)  Qualification  inspection 

(a.l)  Periodic  qualification  reevaluation 

(b)  Qual-ity  conformance  inspection 

4.2.1  Qualification  Inspection  -  The  qualification  inspection  per¬ 
formed  by  the  qualification  laboratory  shall  consist  of  a  review  for 
approval  of  the  submitted  manufacturer's  report,  and  subjecting  the  qual¬ 
ification  sample  (4.3.11  to  examination  and  testing  for  all  the  require¬ 
ments  of  this  specification. 
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4. 2. 1.1  Periodic  Qualification  Reevaluation  -  The  periodic  quali¬ 
fication  reevaiuation  inspection  performed  by  the  qualification  labora¬ 
tory  shall  consist  of  examining  and  testing  the  periodic  qualification 
reevaluation  sample  (4.3.2)  for  all  the  requirements  of  this  specifica¬ 
tion.  Delivery  of  the  lubricating  oil  will  not  be  delayed  pending  com¬ 
pletion  of  periodic  qualification  reevaluation.  If  the  results  of  the  . 
periodic  qualification  reevaluation  inspection  are  in  accordance  with 
the  requirements  of  this  specification,  the  consistency  of  production 
quality  will  be  thereby  verified.  Failure  of  the  lubricating  oil  to 
pass  a  periodic  qualification  reevaluation  inspection  shall  require  that 
the  acceptance  and  further  shipment  of  lubricating  oil  to  be  withheld 
until  the  contractor  has  corrected  the  conditions  which  led  to  the 
failure  (see  6.3.1).  Further  failure  will  constitute  cause  for  rejection 
and  removal  from  the  Qualified  Products  List. 

4.2. 1.2  Retention  of  Qualification  -  The  retention  of  qualifica¬ 
tion  of  products  approved  for  listing  in  the  Qualified  Products  List 
(QPL)  shall  be  maintained  by  periodic  verification  to  determine  compli¬ 
ance  of  qualified  lubricating  oil  with  the  requirements  of  this  speci¬ 
fication.  Periodic  verification  may  be  made  by  certification  unless 
otherwise  specified  by  the  activity  responsible  for  the  Qual if ied 
Products  List  and  shall  be  at  intervals  of  no  more  than  2  years. 

4.2.2  Quality  Conformance  (Lot  by  Lot)  Inspection  -  The  qua  lity 
conformance  inspection  shall  include  examining  and  testing  the  qua  lity 
conformance  samples  (4.3. 3.2),  for  conformance  to  all  the  Section  3 
requirements  and  an  examination  of  samples  of  filled  containers  (4. 3. 3. 3) 
for  conformance  with  Section  5  packaging,  packing,  and  marking  require¬ 
ments. 

4.3  Sampling  and  Acceptability  Criteria 

4.3.1  Qualification  Samples  -  The  qualification  sample  shall  con¬ 
sist  of  two  1 -quart  containers  of  lubricating  oil  for  which  qualifica¬ 
tion  is  desired.  The  sample  shall  be  accompanied  by  a  report  from  the 
manufacturer  or  a  commercial  laboratory.  The  report  shall  show  indivi¬ 
dual  and  average  resul ts  for  all  requirements  of  this  specification. 

The  samples  and  reports  shall  be  forwarded  to  the  Aero  Materials  Division, 
Aircraft  and  Crew  Systems  Technology  Directorate,  Naval  Air  Development 
Center,  Warminster,  Pennsylvania  18974.  The  samples  shall  be  plainly 
identified  by  securely  attached  durable  tags  or  labels  marked  with  the 
following  information: 

Sample  for  qualification  inspection 

LUBRICATING  OIL,  INSTRUMENT  BEARING,  SYNTHETIC  HYDROCARBON 

Military  Specification 

Name  of  Manufacturer 

Product  code  name 

Date  of  manufacture 

Contract  or  order  number 

Batch  number 
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4.3.2  Periodic  Qualification  Reevaluation  -  The  periodic  quali¬ 
fication  reevaluation  sample  shall  consist  of  two  1 -quart  containers  of 
lubricating  oil  selected  at  random  from  first  lot  of  lubricating  oil 
processed  under  the  first  contract  or.  order  after  the  product  has  passed 
the  qualification  inspection.  Additional  qualification  reevaluation 
samples  may  be  taken  at  such  intervals  as  considered  necessary  to  verify 
the  consistency  of  production  quality.  Periodic  qualification  reevalua- 

*  tion  samples  shall  be  forwarded  to  the  laboratory  responsible  for 
qualification  (see  4.3.1).  The  samples  shall  be  plainly  identified  by 
securely  attached  durable  tags  or  labels  marked  with  the  following 

*  information: 

Sample  for  qualification  reevaluation 

LUBRICATING  OIL,  INSTRUMENT,  BEARING,  SYNTHETIC  HYDROCARBON 

Specification 

Name  of  manufacturer 

Product  code  number 

Date  of  manufacture 

Contract  or  order  number 

Batch  number 

4.3.3  Quality  Conformance  Samples  -  The  quality  conformance  sample 
shall  consist  of  a  sample  for  tests  (4. 3. 3.2)  and  a  sample  of  filled 
containers  (4. 3. 3. 3).  Samples  shall  be  labeled  completely  with  informa¬ 
tion  identifying  the  purpose  of  the. sample,  name  of  product,  purchase 
description  number,  date  of  manufacture,  date  of  sampling,  and  contract 
number.  Individual  samples  shall  not  be  mixed,  shall  be  placed  in 
separate  air-tight  and  water-tight  containers,  and  shall  be  nearly 
filled,  covered  and  sealed  to  prevent  atmospheric  effects. 

4. 3. 3-1  Inspection  Lot  -  A  lot  shall  consist  of  material  produced 
by  one  manufacturer  under  essentially  the  same  manufacturing  conditions. 
Each  batch  shall  constitute  a  lot. 

4. 3. 3*2  Sample  for  Tests  -  The  sample  for  tests  shall  be  one 
container  of  lubricating  oil,  taken  at  random  from  each  lot  of  lubrica¬ 
ting  oil  to  be  offered  for  delivery  under  a  contract  or  order.  A  lot 
shall  be  unacceptable  if  a  sample  fails  to  meet  any  of  the  test  require¬ 
ments  specified. 

« 

4. 3. 3* 3  Sample  for  Examination  of  Filled  Containers  -  A  random 
sample  of  filled  containers  and  a  sample  of  shipping  containers  fully 

*  prepared  for  delivery  shall  be  selected  from  each  lot  of  lubricating 

oil  in  accordance  with  MIL-STD-105  at  inspection  level  II  and  acceptable 
quality  level  (AQL)  =2.5  percent  defective. 

4.4  Test  Methods  -  Tests  shall  be  performed  in  accordance  with 
Table  IV  and  4.4  1  to  4.4.5. 
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TABLE  IV 
TEST  METHODS 


Requi remen t 

A STM  Method 

Kinematic  Viscosity 

D445 

Acid  Number 

0974  or  D664 

Pour  Point 

1 

D97 

1  1  ■ 

Flash  Point 

D92 

Evaporation  — ^ 

D972 

2/ 

Evaluation  in  Bearings  — 

D3337 

1/  Oven  instead  of  oil  bath  may  be  used  providing  additional 
length  of  tubing  is  added  in  order  to  insure  air  tempera¬ 
ture  is  within  +  2°C  (4°F)  of  test  temperature. 


2/  Test  bearing  retainer  shall  be  one-piece  snap-type  phenolic, 
vacuum  impregnated  with  the  test  lubricant. 


4. 4.1  Corrosion  and  Oxidation  Stability  -  The  corrosion  and  oxi¬ 
dation  stability  shall  be  performed  at  177°C  (350°F)  in  accordance 
with  Method  5308  of  FED-STD-791  with  the  following  modifications:  The 
test  shall  be  run  for  72  hours.  An  electrolytic  grade  silver  (conform 
ing  to  M I L-S- 13282,  Grade  A)  test  square  shall  be  substituted  for  the 
cadmium  plated  steel  square.  The  mild,  carbon  steel  (QQ-S-698)  test 
square  shall  be  replaced  with  a  square  conforming  to  QQ-S-624, 
Composition  FS  E52100.  The  magnesium  square  shall  be  replaced  with  a 
Type  410  steel  square  conforming  to  QQ-S-766.  The  viscosity  at  40  C 
(104°F)  shall  be  performed  within  six  hours  of  the  completion  of  the 
oxi-dation  test  period. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Packaging  -  Unless  otherwise  specified,  packaging  shall  be 
Level  A. 

5.1.1  Level  A  -  The  lubricating  oil  shall  be  packaged  in  4  oz. 
wide-mouthed  brown  glass  bottles.  Screwcaps  shall  be  polyethylene  or 
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polypropylene  with  a  liner  of  aluminum  foil.  The  caps  shall  be  compatible 
with  synthetic  hydrocarbon  oil.  The  bottles  shall  be  rinsed  with  filtered 
MIL-081302  and  dried  with  clean  filtered  air. 

5.2  Packing  and  Marking  -  Packing  and  marking  shall  be  in  accordance 
with  MIL-STD-290. 


6.  NOTES 

6.1  Intended  Use  -  This  oil  is  intended  for  use  in  precision^instru- 
ment  and  miniature  ball  bearings,  for  the  temperature  range  of  -55  C 
(-67°F)  to  150  C  (302  F). 

6.2  Ordering  Data  -  Procurement  documents  should  specify  the 
following: 

(a)  Title  and  number  of  this  specification 

(b)  Levels  of  details  of  packaging  and  packing 

(c)  Details  of  marking 

(d)  Quantity  desired 

6.3  Qualification  -  With  respect  to  products  requiring  qualifica¬ 
tion,  awards  will  be  made  only  for  such  products  as  have  prior  to  the 
time  set  for  opening  of  bids,  been  tested  and  approved  for  inclusion 

in  the  applicable  Qualified  Products  List  whether  or  not  such  products 
have  actually  been  so  listed  by  that  date.  The  attention  of  the  sup^ 
pliers  is  called  to  this  requirement,  and  manufacturers  are  urged  to 
arrange  to  have  the  products  they  propose  to  offer  to  the  Federal 
Government,  tested  for  qualification  in  order  that  they  may  be  eligible 
to  be  awarded  contracts  or  orders  for  the  products  covered  by  this  speci¬ 
fication.  The  activity  responsible  for  the  Qualified  Products  List  is 
the  Naval  Air  Systems  Command,  Department  of  the  Navy,  Washington,  DC 
2036 1 ;  however,  information  pertaining  to  qualification  of  products 
may  be  obtained  from  the  Aero  Materials  Division,  Aircraft  and  Technology 
Directorate,  Naval  Air  Development  Center,  Warminster,  Pennsylvania 

1 897^- 

6.3.1  The  lubricating  oil  furnished  under  contract  should  be 
identical  within  commercial  limits  to  the  qualification  samples  which 
have  been  inspected  and  approved.  In  the  event  that  the  lubricating 
oil  furnished  under  contract  is  found  to  deviate  from  the  composition 
of  the  approved  product,  or  if  the  product  fails  to  meet  all  the  require¬ 
ments  of  this  specification,  or  that  the  product  fails  to  perform 
satisfactorily,  approval  of  such  products  will  be  subject  to  immediate 
withdrawal  from  the  Qualified  Products  List. 

6.1*  To  obtain  maximum  benefit  from  filtration  through  filters 
(0.5  microns  or  smaller)  and  to  maintain  product  cleanliness,  the 
filling  operation  should  take  place  under  clean  room  conditions,  or  in 
a  laminar  flow  clean  bench. 
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DISTRIBUTION  LIST 
AIRTASK  A520- 5203/001 -2/9201 -000-000 


No.  of  Copies 

NAVAIR  (AIR-950). . .  6 

(2  for  retention) 

(2  for  AIR-5162C) 

(2  for  A I R- 5304C 1 1 

NAVAI RENGCEN  0312). . . .  1 

NAVAI RENGSUPPO  (333)  . 

NAVSEASYSC0M  (5243)  .  .  .  . . 

Ships  Parts  Control  Center  (56641)  .  . 

David  W.  Taylor  Naval  Ship  Research  6  Developing;. 

NAVWPNSUPCEN  (705.1 5)  .  .  ....  .  ...... 

NAVWPNSCEN  (3621)  ........  .  .  .  .  .  .  . 

NRL  (6176)  .  .........  . 

AFSC,  WPAFB  (ASD/ENAID)  .  ....... 

AFML,  WPAFB  (MBT)  .  ........  . 

Warner  Robins  Air  Logistics  Center  (MMIRDA)  .  .  . 

Aerospace  Guidance  &  Metrology  Center  (SNA).  . 

Corpus  Christi  Army  Depot  (DRSTS-MEEC)  ...  <  - 

AS0  (JEE-1 ) . .  ,  .  •  , 

DISC  (ECB/SFB)  ..........  .  .  .  ,  .  . 

DCAS,  Boston,  MA  ............... 

DCAS ,  Stratford,  CT  .............. 

DTIC  . .  ........ 

Barden  Corp. ,  200  Park  Ave. ,  Danbury,  CT  (Mr.  Rot  r 
John  Murphy/George  Schoen)  . 

Barnes  Engineering,  30  Commerce  Road,  Stanford,  CT 
(Ronald  Sperling)  ............... 

Bendix  Corp,,  Navigation  &  Control  Div.,  Montrose  r' 

South  Montrose,  PA  (Mr,  J.  Moore)  .......  . 

Bendix  Corp.,  Naviation  S  Control  Group,  Teterboro, 

(Mr.  Thomas  Wheelock)  .............. 

Charles  Stark  Draper  Laboratory,  68  Albany  St,,  Car 
MA  (Mr.  H,  Singer/Robert  Price) 

Fafnir  Bearing  Co.,  New  Britain,  CT  (Mr,  M,  Becker, 

FAG  Bearing  Ltd.,  801  Ontario  St,,  Stratford,  'Ontario 


Guidance  Technology  Inc,,  250Q  Broadway,  Santa  Monica,  CA  * 

Harowe  Servo  Controls,  Inc.,  Westtown  Road  at  Westchester 

Pk.,  P.  0,  Box  547,  West  Chester,  PA  ,  1 

Honeywell,  inc.,  Avionics  Div,,  13350  U.S,  Hwy.,  19  N., 

St.,  Petersburg,  FL  1 

Hughes  Aircraft  Co,,  Centinela  and  Tealse,  Culver  City, 

CA  (Mr.  M.  N.  Gardos)  .  1 

Humphrey,  Inc.,  9111  Balboa  Ave,,  San  Diego,  CA  .  ,  ,  .  ,  1 

IMC  Magnetics  Corp.,  Eastern  Div.,  570  Main  St.,  Westbury, 

Long  Island,  NY  ...................  1 

Jet  Electronics  and  Technology  Inc,,  5353  52nd  St.,  SE, 

Grand  Rapids,  Ml  (Karl  Glass)  .............  1 

Lear  Siegler,  Inc.,  Instrument  Div.,  4141  Easter  Ave.,  SE 
Grand  Rapids  Ml  (Mr.  Fred  Guild/Mr.  Donald  Vanderkolk/ 


Mr,  0.  Monroe) 
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DISTRIBUTION  LIST 
(Continued) 


No.  of  Copies 


Litton  Systems  Inc.,  Clifton  Precision  Division,  Marple  at 

Broadway,  Clifton  Heights,  PA  .  1 

Litton  Systems  Inc.,  Guidance  S  Control  Systems  Div.,  5500 

Canoga  Ave,  Woodland  Hills,  CA  (Mr.  Robert  Westerholm)  .  .  1 

MPB  Corp. ,  Minitature  Bearing  Div.,  Optical  Ave.,  Keene,  NH 

(Mr.  S.  Davis/Mr.  J.  Beecher/Mr.  H.  Ekker)  .  3 

New  Hampshire  Ball  Bearings,  Inc.,  Rt.  202,  Peterborough,  NH 

(Mr.  E.  Bennett) . 1 

NMB  Corp.,  9730  Independence  Ave.,  Chatsworth,  CA 

(Mr.  P.  Acord) .  1 

William  F.  Nye,  Inc.,  New  Bedford,  MA  (Mr.  G.  Moch)  .  1 

Pacamor  Bearings  Inc.,  Kubar  Div,  Troy,  NY  (Mr.  F.  Wakefield)  1 

Quaker  Chemical  Corp.,  Elm  and  Lee  St.,  Conshohocken ,  PA 

(Mr.  L.  Brothers) .  1 

Sperry  Rand  Corp.,  Sperry  Flight  Systems,  Phoenix,  AZ 

(Mr.  P.  Jacobson) . 1 

Sun  Chemical  Corp.,  Kollsman  Instrument  Co.,  Merrimack,  NH 

(Mr.  K.  Olson)  .  . . . .  1 


